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ABSTRACT

AT

o Estimates of the Probability of Maintaining Clear Conditions at Altitude
Lj'- Lt Colonel Roger E. Christensen

This paper provides estimates of the probabilities of remaining in-the-clear
on 0 to 1000 nautical mile flights at a constant altitude within the European,
Korean, and Mideast theaters. The estimates are based upon correlation studies
of cloud observations by the Air Force Geophysics Laboratory and the USAF
Environmental Technical Applications Center. The methodology for computing
the probabilities is presented.
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EXECUTIVE SUMMARY

Clear Skies at Altitude

BACKGRAUND

This paper was written to address the question, “What is the probability of
being in-the-clear at a given altitude over a given location, and how does this
probability change as a function of distance flown frrom the initial location?"

DISCUSSION

A USAF Environmental Technical Applications Center (USAFETAC) report on the
Vertical Distribution of Clouds provides probabilities of clear skies at a
location for various altitudes for Europe, Korea, and the Mideast. Furthermore,
studies by the Air Force Geophysics Laboratory and USAFETAC show that cloud
conditions and associated probabilities steadily become unrelated or independent
of each other with distance. This makes possible the use of probabilities of
clear conditions at a point to infer probabilities of clear conditions as a
function of distance traveled. In the upper atmosphere, generally above 60G0
feet altitude, the distance where independence occurs is on the order of 600
nautical miles. In the lower atmosphere which is greatly influenced by the
underlying terrain, this distance is on the order of 175 miles.

Figure 1 illustrates how probabilities of clear skies vary with altitude over
central Europe during winter and summer.

0.1 0.2 0.3 0.4 05 0.6 07 0.8 o 1.0
FREQENY OF OCORENT

Figure 1. Probability of Clear Skies at Altitude (Central Europe)

For example, the probability of an airplane being in-the-clear at altitudes
between 3500 and 6500 feet at any given location in Central Europe during the
winter is approximately 34 percent. Near the surface, the probability improves
to about 67 percent.
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Figures 2 and 3 {llustrate how the probability of staying in-the-clear decreases
‘as one fiies at .low and high altitudes in a given theater of operation. Along
the ordinate, of Figure 2 and 3 is the probability of clear skies at a location
in the theater concerned. Alowy the direction of the abscissa, the probability
of staying in-the-clear stezdily decreases because of the increasing 1ikelihood
of flying fnto clouds with distance flown. Separate curves are provided for

day and'night situations.
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Information for other altitudes for north central and south central Europe,

North and Scuth Korea, and mountains and desert arec of the Mideast is avail-
able in the main report in a format 1ite that in T¢ .e 1. lero distance prob-
abilities ave the probabilities of being in-the-clear at any given location in

the th2ater concerned.
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s TABLE 1 PROBABILITIES OF MAINTAIRING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTAKCES
Lo CENTRAL EUROPE - SOUTHERN WOUNTAINS
o -‘,\‘ DISTANCE (MILES)
Lo ALTITUDE (Ft) O 100 200 400 600 1000
Loy M A K M OA WA Nk WA N MOAN
Sov 235,000 ¥ .93 .96 .951.92 .95 .94).91 .95 .931.89 .93 .921.36 .92 .90).62 .90 .87
P .96 .97 55|95 .97 U35 .96 93,93 .95 .92[.97 9% 90,30 .97 BT
S ¥_.B6 .89 .83/.84 67 .81].82 .86 .78/.78 .82 .74|.74 .79 .69 .66 .73 .59
S, S.BY BT .BI|.B7 .B5 BT[.B0 B3 TR 75 LTS LINYLTT T8 89].67 (B8 .5V
L i W .82 .82 .75|.80 .80 .72].77 .77 .69[.72 .72 .63].67 .67 ,56].57 .57 .44
o ST B T T8 B L TA T B0 L TV [ 7T 75 <85]. 66 . TT . 59| .55 .62 .47
I W,77.78 .73, 74 .75 70000 .72 .66.65 .67 .60],59 .61 ,53!.47 .49 .40
fo LY LS IR (-3 I £ AP AP K T £ T L D (] P Y B .1 I Y 2 - . X B % 14
R N_,65 .66 .59).61 .62 .65].57 .55 .51{,5C ,81 42,48 ,35).27 .29 ,19
P ST TT B} 70 L B8 55|66 .64 .87|. 60 .87 .55[.53 \50 A A0 L I7 LI
59 W .44 .45 .42|.40 &) ,38].36 .37 .34{.28 .29 .26].19 ,20 ,18.03 .04 .0
S $.E3 .50 50149 .48 A5 A5 A7 A7) TE 0T V8525 TT LR
LI W .36 .37 ,370.23 .24 ,241.10 .10 410 - -
Lo TS0 AE L3736 LI AL YL - -
A
Lo W34 .33 .30(.24 .20 ,i8/.10 .07 .06| -
AN LIRS LI VAR LI T LNk IS VSRR N 1 N X 1
R

'E ¥ .40 .39 ,341,26 .25 ,21(.13 .12 08| -

_ ¥

T

v
8
z

W_.66 .66 .70].53

.53

.58

40

A0 ,46,,15 ,

$ .89 B0 .90(.83 .77 .B5,.76 .87 .BD|.67 .

M:  KORNIKG W: WINTER
A: AFTERNOON S:  SUMMER
N:  NIGHT

OBSERVATIONS

i. The lowest probabilities of clear skies are between 1,000 and 10,000 feet

above ground-level (AGL) in Europe and Korea, and between 6,500 and 14,000 feet

above mean sea level (MSL) in the Mideast.

ii. Probabiiities of clear skies increase with increasing altitude above
14,000 feet MSL. Seasonal differences above 14,000 feet are small regardless

of theater.

iii. Probabilities of clear skies increase with decreasing altitude below
1,000 feet AGL, indicating the importance of being able to fly low so as to
stay “under-the-weather." Seasonal differences below 1,000 feet are large

in Korea and Europe.

iv. Since it is generally more probable that clear skies or good weather will
exist at a point in the atmosphere than throughout a consecutive seguence of
noints (flight path), the capability to navigate in-the-weather may generally
be more important than the capability to deliver a weapon in-the-weather.
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CLEAR SKIES AT ALTITUDE

Lt Colonel Roger E. Christensen
HQ USAF/SAGW

This paper describes a simple method for estimating the chance of ramaining in-
the-clear on 0-1000 nautical mile flights at various altitudes in three theaters
of operation. The estimates provided are basad upon climatological probabili-
ties of sky cover in 15 layers of the atmosphere from the earth's surface to
55,000 feet altitude over a given location {l). Methodology described below is
based upon studies of how cloud conditions decorrelate with distance. Figures
1 and 2 illustrate how total cloud cover throughout the depth of the atmesphere
decorrelates with distance. Generally, after 600 miles cloud conditions become
independent of each other in a linear fashion. It is reasonable to expect that
these correlations are preserved layer by layer thrcugh the depth of the "“free
atmosphere" which generally begins about 5000 feet above sea level. Below, in
the "planetary boundary layer", correlations are less persistent. Studies by
the Air Force Geophysics Laboratory (2) indicate that sky cover observations
decorrelate after distances of about 175 miles. Thus Cepending upon altitude,
at least two distance scales are necessary to compute probabilities of main-
taining clear skies at altitude.

The probability of continuous clear skies at an altitude over a distance can be
represented by:

P = PozCzDy
where:

Py, = Probability of clear skies at altitude 2
over a given location

C, = Coefficient describing loss of probability
per unit distance at altitude Z

D, = Distance traveled at altitude 2

C, = (POZ - onz)/Do, where Do = scale distance
over which correlation goes to zero. After
a distance of Do, P= P oz
- Do = 600 miles for flight above either 6500 feet
MSL (flat terrain) or 10,000 feet MSL (rough
terrain)

Do = 175 miles below either 6500 feet MSL or
10,000 feet MSL depending upon terrain

Figure 3 illustrates how the probability of clear skies over a point in central
Burope varies with altitude.

For example, the probability cf an airplane being in clear skies during winter
over a location in central Europe at an altitude between 3500 and 6500 feet is
about 0.34. Approaching the surface, the probability improves to 0.67, illus-
trating the utility of being able to operate at lower altitudes ander the
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Figura : 1 Comparison of Spatial Correlation Functions Derived from Raw and
Smoothed 3DNEPH Data for Box 22, January. The correlation functions illustrate
the typical effect of smoothing, that is, swmoothing slightly increases the
spatisl correlation coefficients.
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Figure: 2 Comparison of the Gringorten Model-B Spatial Correlation Function -
for & Scele Distance of 17.0 km and a Curve Darived from Smoothed 3DNEPH Data

for Box 14, January. The Gringorten curve has baen fitted to the observed data

by the least squares method with a RMSE of 0.05,
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weather. At higher altitudes, the probability improves such that there appears
to be little difference in cloudiness above 14,000 feet from summer to winter.

Figures 4 and 5 illustrate how probabilities of cloud free or clear sky condi- - X
tions decrease with distance flown at low and high altitudes. Along the ordi-
nate (distance = 0) of each figure is the probability of clear skies at a point !
for the indicated theater and seascn. Probabilities of flying in-the-cl2ar for R
a distance are given by moving along the abscissa for the distance of interest,
going vertical to the curve of interest (location, season, time of day), and ,
noting the expected frequency of occurrence along the ordinate. For example, e
the probability of staying in the clear over central Europe, between 3500 and
6500 feet, for 100 nautical miles, in winter, at night is approximately 0.18.
If you fly 230 miles, this probability goes to zero. Similarly, the same
probability over Korea in winter is about 0.51, going to zero after 460 miles

i s e
DGENINELE - WREEELE W S

Pl Ve L PO

3 of flight.
Ph! -
g g‘ Tables 1 - 6 provide specific numbers of the above probabilities for the three
gfﬁ theaters of concern (Europe, Korea, Mideast).
;g& This paper was written to meet immediate AF/RDQT needs for this type of infor-
§vj< mation. A more precise study of the probability of maintaining flight in clear
ébgé conditions is planned by AF/SAGW as a new cloud data base is made operational. .
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TABLE 1  PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITQDE OVER VARIOUS DISTANCES
CENTRAL EUROPE - SOUTHERN MOUNTAINS

ANCE (MILE3)

ALTITUDE (Ft) O 100 0 400 600 1000
*M A N M A N M N M A N M A N M A N

535,000 W .93 .96 .95|.92 .95 .94].91 = 5 .93|.89 .93 ,92|.86 .92 .90|.82 .90 .87

= $ .96 .97 .95].95 .97 .94].95 .96 .93].93 .95 .92|.92 .94 .90].90 .92 .B7

35,000 W .86 .89 .83/.84 .87 .B81i.82 .B6 .78[.78 .B2 .74|.74 .79 .69/.66 .73 .59
?3%505 S .84 .87 .83].82 .B5 .8T|.80 .83 .7/8].75 .75 . 74|, 71 .76 .69|.62 .68 .59

26,000 W .82 .82 .75|.80 .80 .72|.77 .77 .69|.72 .72 .63|.67 .67 .56|.57 .57 .44
7000 S BT LBE LTI T8 B AT B o T B 66 T B0 55 60 47

22,000 W .77 .78 ,73{.74 .75 ,70({.71 .72 .66]{.65 .67 .60{.59 .61 .53[.47 .49 .40
TEfUUU S .80 .80 76|77 .77 J713[.75 .75 .70|.69 .69 .641.64 .64 .5B[.53 .03 .4b

18,000 W .65 .66 .59{.61 .62 .55{.57 .59 .51).50 .51 .43!.42 .44 .35/.27 .29 .19
TIfUUU S.73 .77 .69].70 .68 .65[.66 .64 .62|.60 .57 .55].53 .00 .48|.40 .37 .33

14,000 W .44 .45 ,421.40 .41 .38!.36 .37 .34/.28 .29 .26{.19 .20 .18{.03 .04 .01
foﬁUU S .53 o0 H0[.49 ,4b .40[.45 .42 ,42].36 .33 ,33].28 .25 .25].11 .08 .08

w 036 .37 .37 023 024 .24 010 010 Q10 - - Ll - - - - -
6,500 S .50 .46 .37].36 .32 .281.21 <18 .10] = - =~ | = = < - -

W

S

.34 033 030 .24 020 l18 010 .07 006 - - - - - - - -r-‘ -
.90 .47 J281.41 L33 .141.27 .19 03] - - <] - - = - = =

3,500 ¥

-—

.40 .39 .34].¢6 ,25 .21(.13 ,12 .08 ~ - - -
.71 .58 .491.59 .44 .351,47 ,30 .20(.24 02 ~}.00 - -] - -

S
‘ ],000 N 066 .66 .70 053 053 058 040 040 046 0]5 015 022 - - -
S .89 .80 .,90].83 .71 .85[,/8 .62 .BO[.67 .43 .69].55 .25 .59].33 - .39

M: MORNING W: WINTER
A: AFTERNOON S: SUMMER
N: NIGHT

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA
FOR CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data is for a point within the area concerned. Based upon
correlation studies of cloud observations, conditions above 10,000
feet are assumed independent after a distance of 600 miles and con-
ditions belcw 10,000 feet are assumed independent after 175 miles.
A linear decrease in correlation between is assumed.
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TABLE 2. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

CENTRAL EUROPE - NORTHERN PLAINS

WEAPT SR
[

S .‘\.a]" ﬁ’ PR B
P P

DISTANCE (MILES)
ALTITUDE (Ft) o] 100 200 400 600 1000

* M A N|M A N|M A N|M A N|M A N|M A ®
> 35’000 W 099 .95 .93 ogé_ .94 092 92 09§ 591 090 092 089 088 090 .86 .85 Q87 082
= S ¢97 498 92[.97 <98 o911.96 297 +90]+95 «97 <B87]+9% .96 +85(.92 .95 .80
35,000 W .77 .83 ,69).74 .81 .65/.71 .78 .62]|.65 .74 .55|,59 .69 .48|.47 .59 .33
26,000 S 276 279 o65]e73 ¢76 o61]e70 <73 257 ]e6b o68 250 e58 o62 <42 .46 <51 »27
26,000 W_.84 .84 .77),%2 .82 ,74|.80 .80 ,71|.75 .75 .64].71 .71 .59].62 .62 .47
22,000 § .84 BB 70|62 86 267 +B0 <B4 +63]+75 «B1 <5671 «77 +401.62 .70 .35
22,000 W .79 480 .76.76 .77 .73/.73 .75 .701.68 .69 .64 |.62 .64 .58(.51 .53 .46
18,000 S <83 o86 <68 )|e81 w84 o6h|e78 oB82 o61|e74 78 253|609 74 +461.50 +66 .32 i
18,000 W .65 .67 .59|.61 .63 .55|.57 .60 511,50 .52 .43]|.42 .45 .35].27 .30 .19 ]
14,000 S o71 <75 59| e68 <72 «55]e66 «69 «511e57 +63 43|50 +56 +351.37 <bb .10 _ _
16,000 W _.50 .50 .46.46 .46 .42|.42 .42 .37(.33 .33 .29].25 .25 .21]|.08 .08 .05 e
10,000 S .57 456 +46|e53 o52 o42{e40 oG8 o374l 260 +29].32 o31 <211.16 <15 .05 ok
10,000 W ,46 .45 .44].42 .41 40,38 .37 .36}.29 .29 .28/.21 .20 .19].05 .04 .03 i
6,500 S o5B .52 o41].54 4B .371.50 obb 233].42 235 2251237 27 W171.17 .10 .00 .
6,500 W .34 .34 .29]/.21 .21 .17/.08 .08 05| - = | - - - « - - i
3.500 S .46 .39 171432 «25 .09 .18 12 .00 - - - - - - - - - ‘
3,500 W .39 .40 .34].25 26 .210.12 .13 08| ~ = = = - | o« - o 0
1’000 S 063 050 041 050 ¢36 .27 036 021 013 010 s - - - - - - - - ..,4
( 1’000 W 071 .72 072 059 .§p 060 01‘7 049 .49 .ﬁzl#r 026 026 000 903 003 - - -
S ¢80 o8l .91 B3 472 861478 63 282167 46 72|55 +28 631233 = .44 1
G
*M: MORNING W: WINTER o
A: AFTERNOON S: SUMMER L
N: NIGHT B

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR "j
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREL", 8 FEB 82 S

CONDITIONS: Basic data is for a point within the area concerned. Based upon
correlation studies of observations, conditions above 10,000 feet
are assumed independent after a distance of 600 miles and condi-
tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.
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TABLE 3. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES
MIDEAST - MOUNTAINS

DISTANCE (MYLES)
ALTITUDE(Ft) (o] 100 200 400 600 1000
* M A N|M A KN|M A NIM A N|M &4 N|M A N
> 35,000 M _-88 .91 .81].86 .90 .78 B4 8B 76].81 .86 .71[{.77 .83 .66|.70 .77 .55
- S .97 .99 96.97 .99 .95/.9%6 .99 .95]/.95 .98 ,93;.94 .98 ,92|.92 .97 .90

35,000 W 77 .80 4651.74 477 61].71 o75 .57/.65 .69 .50/.59 .64 .42].47 .53 .27
26,000 s .92 .96 .88|.91 .95 .86|.90 .95 .84|.87 .93 .81|.85 .92 .77{.80 .90 .70

26,000 W .81 .82 .74[.78 .80 .71].76 o77 o.68|.7) .72 461}1.66 .67 .55|.55 .57 .42
22,000 S .95 ¢97 92].94 .91 .91[.93 .90 .90].92 .87 .87]|.90 <85 85|87 .80 .80
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22,000 W .75 .78 4671.72 .75 .63|.69 .72 .60|.63 .67 .52|.56 .61 .45]|.44 .49 .30
18,000 § .89 490 +89+87 489 87|86 «87 .86].82 o84 82|79 .81 47973 475 .73

- 18,000 W .68 .68 .59).64 +64 .55|.61 .61 ,51|.53 .53 .43|.46 .46 .35].32 .32 ,19
14,000 S 479 +Bh <TR|s76 <82 o75(s73 +B0 +72]|s68 «75 467 |+62 471 +61 <51 462 249
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14,000 W .57 .56 .48[.53 .52 .441.49 .48 .401.41 .40 .31].32 .31 .23|.16 .15 .06
10,000 5 475 082 463]e72 480.4591e69 <77 455]a63 a72 o4/ |e56 o67 o40 |4l 457 .24

10,000 W 065 .63 062 052 050 048 039 .36 035 013 .10 008 - - - - - bt
6,500 S .92 .94 .91|.88 .91 .B6|.84 488 .82|.75 8l 472[e67 o475 463[.50 .62 .44
6,500 W 075 074 072 o6a 0627060 054 052 049 032 030 .26 .11 008 003 - - -
3,500 S .56 .98 .96]|.94 .97 .,94].92 .96 .921.87 .94 .87|.B3 .91 .83|.74 .87 .74
3,500 W 073 .71 071 .62 59 059 050 047 047 029 .24 024 005 000 .00 -1— b -
1,000 s .96 .97 .95!.94 .95 .92{.92 .94 .90|.87 .90 84| 83 87 79} 74 80O 68

<1,000 W .89 .88 .93|.83 .82 .89].78 .76 .86]|.64 .64 .78|.55 .52 .71] 33 28 56
S .97 .98 .99(.94 .97 .98].95 .96 .98[.94 .94 .97].90 .91 .96]|.B87 87 .93

*M: MORNING W: WINVER
A: AFTERNOON S: SUMMER
N: NIGHT

SOURCE: USAFETAC REPORT, “AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data is for a point within the area concerned. Based upon
correlation studies of observations, conditions above 10,000 feet
are assumed inderendent after a distance of 600 miles and condi-
tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assuumed.
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TABLE 4. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES
MID EAST - DESERT

DISTANCE ( MILES)
ALTITUDE (Ft) O 100 200 400 600 1000
*M A N|M A N|IM A NI'M A N|M A NI|MH A N

W .98 .96 .95/.98 .95 .94| 97 .95 .93|.97 .93 .92{.96 .92 .90{.95 ,90 .87
235,000 $m .98 .99 .97{.98 .99 .96}.97 .99 .96{.97 .98 .95/.96 .98 .94}.95 .97 .92
Sp .95 .97 .93/.94 .96 .92|.93 .96 .91{.92 .95 ,89{.90 .94 .86{.87 .92 .82
35,000 W .91 .92 .89|.90 .91 .87(.88 .90 .86|.86 .87 .82|.83 .85 .79|.77 .80 .73
{ S .92 .94 .91}.91 .93 .90/.90 .92 .88{.87 .90 .86|.85 .88 ,83].80 .85 .77
26,000 Sp .85 .88 .81|.83 .86 .78([.81 .84 .76|.77 .81 ,71i.72 .77 .66].64 .70 .55
?Efﬁﬁﬁ Wo.92 .92 .871.91 .91 .851.90 .90 .83}.87 .87 ,79}.8b .85 ,/6].80 .80 .68
A S .93 .92 .,91(.92 .91 .90{.91 .90 .88|.89 .87 .86|.86 .85 .83}|.82 .80 .77
22,000 sp .89 .87 .85/.87 .85 .83|.86 .83 .81].82 .79 .77{.79 .76 .72|.73 .68 .64
22,000 W .97 .91 .89(.90 .90 .B87|.88 .BB .B86|.86 .86 .B2|+83 .83 76|77 .77 .73
l $ .9 .91 .90|.89 ,90 .89|.87 .88 .87{.84 .86 .84|.81 .83 .81}|.75 .77 .75
18,000 Sp .88 .87 .B5{.86 .85 .83/.84 .83 .81|.81 .79 ,77|.77 .76 ,72{.70 .68 .64
18,000 W .90 .88 .87|.89 .86 .85|.87 .84 .83].84 .81 .79|.81 .77 .76].75 .70 .68
' S .87 .48 .88/.85 .86 .86|.83 .84 .84|.79 .81 .81|.76 .77 .77|.68 .70 .70
14,000 Sp .86 .87 .86/.84 .85 .84/.82 .83 .82/.78 .79 .78(.74 .76 .74{.66 .68 .66
14,000 W .76 .76 (72{<73 73 .69]|.70 .70 .651.64 .64 .59|.58 .58 .52|.46 .46 .38

| S .84 .88 .81(.82 .86 .78|.C0 .84 .76|.75 .81 .71|.71 .77 .66{.62 .70 .55
10,000 Sp .75 .78 .68/.72 .75 .641.69 .72 .61|.63 .67 .53{.56 .61 .46].44 .49 .32
10,000 W .78 .77 .75[.75 78 o72[.72 .71 .69|.67 .65 .63|.61 .50 .56!.49 .47 .44

] S .84 .89 ,83|.82 .87 .81(.80 .86 .78(.75 .82 ,74{.71 .79 .69|.62 .73 .59

6,500 Sp .81 .84 .72|.78 .82 .69).76 .80 .65/.71 .75 ,59|.66 .71 ,52{.55 .62 ,38
6,500 W .81 .82 ,76].72 .78 .66|.63 .65 .55]|.46 .48 .34|.28 .31 .13] - - -

! S .84 .89 .83|.76 .83 ,75|.69 .78 .67|.53 .67 .51|.,38 ,55 ,35/,07 .33 .02
3,500 Sp .79 .85 .72|.69 .78 .60/.60 .70 .49|.41 .56 .26|.22 .41 ,03| - .12 -
3,500 W .84 .85 .78|.76 78 .68|.69 .70 .58|.53 .56 .39|.38 .41 .19|.07 .12

| S .86 .90 .85(.79 .85 .78{.72 .80 .70|.58 .69 .56|.45 ,59 .41|.17 .39
1,000 Sp .83 .89 .78/.75 .83 .68|.67 .78 ,58|.51 .67 ,39/.35 ,55 ,19/,02 ,33

W .9 .94 .95].92 .91 .92]1.89 .88 .89].84 .81 ,84]1./9 .75 .79|.68 .62 .08

<1,000 s .97 .97 .98]|.95 .95 .97|.94 .94 ,96|/.90 .90 .94|.87 .87 .91|.80 .80 .87
Sp .96 .97 .96 .94 .95 .94 .92 .94 .92 .87 .90 .87 .83 .87 .83 .74 ,80 .74

*M: MORNING W: WINTER
A: AFTERNOON S: SUMMER
N: NIGHT Sp: SPRING

SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data is for a point within the area concerned. Based upon
correlation studies of observations, conditions alxwve 10,000 feet
are assumed independent after a distance of 600 miles and condi-
tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.

REFERENCES: USAFETAC TN-81-004, Oct 81; Lund, I. & Granthum, D., "Estimating

the Joint Probability of a Weather Event at two Locations", Journal
of Applied Meteorology, Vol 18 #1, Jan '79.
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TABLE 5. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES
NORTH KOREA
NISTANCE (MILES)
ALTITUDE (Ft) 0 100 200 400 600 1000
* M A NI M A NIM A N|M A N|IM A N|M A N
> 35,000 W__.88 .80 .90 .86 .77 .89{.84 ,75 .87|.81 ,69 .84]|.77 .64 .81}.70 .53 .75
- . . . . . . . o . D7 .60 ,74].61 .53 .691.50 .40 .60
35,000 W .81 .70 .84!.78 .66 .82|.76 .63 .80|.70 .56 .75|.66 .49 .71|.55 .35 .62
'73?556 S .62 .55 .66[.58 .51l .62(.54 .4/ .59].46 .39 .51}.38 .30 .44].22 .14 .29
26,000 W ,91 ,91 .91/.90 .90 .90({.88 .88 .88|.86 .86 .86|.83 .83 .83{.77 .77 .77
m S 279 .00 B2|o76 o605 oBU|e/3 o062 o77]o0B .55 72|02 48 .b7|<51 .33 .57
22,000 W ,86 .87 .88)j.84 .85 .86(.82 .83 .84|.78 .79 .81|.74 .76 .77].65 .68 .70
T?fUUU S 78 .61 JT7{ 7L W57 J141.08 53 J/1]e61 445 .6b[.0D 37 .59].42 .21 .4/
18,000 W ,74 ,76 .69{.71 .73 ,76(.68 .70 .73]|.61 .64 .68|.55 .58 .62{.42 .46 .51
TWfUUU S J5b .43 ,5Yl.51 .39 55[.47 .35 JBl[.39 .26 .43].30 .18 ,35].14 .02 .19
14,000 W .71 .75 .75{(.68 .72 .72|.64 .69 .69|.57 .63 .63|.50 .56 .58|.37 .44 .44
TTﬁUﬁU S .43 ,36 .49[.39 .32 .44|.35 .28 .41|.27 .21 .32].18 .13 .24]|.02 .02 .0/
10,000 W .72 .75 .741.69 .72 ,71].65 .69 .68].59 .63 ,61|.52 .56 .55/.38 .44 .42
m, S .42 .36 .47(.38 .32 JA31.3%4 .28 .39].26 .21 L301.18 .13 .22[.0T .02 .0%
6’500 w 062 058 064 048 044 051 035 .30 .38 '08 .02 011 - - - - -~
3,500 $ .29 .18 .36].17 .10 .22/-05 .01 .10] = - < = - - -
3,500 W .64 .60 ,67|.51 46 ,54{,38 ,33 .42{.11 .05 ,16} - = - -
7,000 § .31 .20 .37(.19 .11 .24[.07 .02 .10 - - - - ~-
<1,000 W ,89 ,90 .92/.83 .85 .88{.78 .80 .84{.67 .69 .75 .33 .39 ,50
S W77 .80 JBl[.6/ /1 472].5/ 462 63,37 .43 ,45].16 2D 28] - o -
*M: MORNING W: WINTER
A: AFTERNOONM S: SUMMER
N: NIGHT »
SOURCE: USAFETAC REPORT, “AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR uj
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82 '
CONDITIONS: Basic data is for a point within the area concerned. Based upon

correlation studies of observations, conditions above 10,000 feet
are assumed independent after a distance of 600 miles and condi~-
tions beiow 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.
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TABLE 6. PROBABILITIES OF MAINTAINING CLEAR SKIES AT ALTITUDE OVER VARIOUS DISTANCES

SOUTR KOREA

DISTANCE (MILES)
ALTITUDE (Ft) 0 100 200 400 600 1000
* M A N|M A N|M A N|IM A N|M A N{M A N
.95 .92 .96|.94 .91 .951.93 .90 .95|.92 .87 .93|.90 .85 .92/.87 .80 .90 -
286 <83 .87 ]84 oBl oB5]|e82 478 4B3|+78 74 479 |+74 469 +76].66 .59 .68 o]

> 35,000

1k >

o84 .76 J871.81 73 o85[.80 70 083175 464 ,79].71 .58 .76]|.62 46 .68
e68 .59 ,69).64 .55 .65]|.61 .51 .62].53 .43 .55]|.46 .35 .48{.32 .19 .33

w
wn
F:
o
o
w|E

[
[}
FD
(=]
o
n|=

.o
«84 80 .85].81 .77 .83|.80 .75 .81]|.75 .69 .77]|.71 .64 72,62 .53 .64 , g
o67 460 +69[.63 56 65|60 52 ,62]|.52 .44 ,55[.45 .36 .48{.30 .20 .33 S

078 74 80175 o71 o77[.72 468 75|67 .61 .69].61 .55 .64(.49 .42 .53 ”"”:
o6l 55 463]e57 451 459]453 <47 .55}.45 .39 47[.37 .30 J40(.21 W14 .24 L
) b

~
[X]
k:
o
)=

o77 77 W79 T4 274 27671 71 o73]1.65 465 o68]e59 459 62447 47 51

e ———

257 o58 57|53 56 2531040 o50 49| bl o42 o41]e32 o34 232116 .17 .16 e

[
[s -]
o
(=]
o
o

L] >

«66 .69 .71].62 .65 ,68].58 .62 .64|.51 .55 ,57|.44 .48 .50(.29 .33 .37 -
45 .49 491,41 045 «451.37 c“l 041 '29 032 032 «20 .2‘0 .2“ .04 .07 .07 -' il

-t
P 3
o
o
o
o

(71 k1

[
o
P
o
1S
(7] ¢4

.70 .75 .73].67 .72 .70|.63 .69 .66].56 .63 .60!.49 .56 .53|.35 .44 .40 T
269 w54 o571 205 +50 +53]e41 <46 49132 +37 41|.24 .29 .32].07 .13 .16 e

57 .53 .64]|.43 .39 .51]|.29 .25 .38/.00 ~ 11| =« = =] - - = e
«31 020 .41‘ .19 o1l 30 .07 .02 016 - et - - - - - - - ’:. .;f

6,500
3,500

[721%

3,500
1,000

.67 070 075 054 58 064 042 066 054 016 522 032 - - o1l - - -
.Al‘ 061 058 «30 027 o‘.“ 516 ‘13 030 - - .02 - - - - e -

nl=

[P TTRTRT I 1

.91 .90|.78 .86 .85|.70 .82 .80[.56 .72 .69 41 63 .59].12 .44 .39 o
76 <83 83466 ¢75 ¢75]|¢55 467 +67]e34 +51 451|.13 <35 +35| = .02 .02 -

< 1,000

wj=
.
o2}
w

*M: MORNING W: WINTER
A: AFTERNOON S: SUMMER
N: NIGHT

.
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SOURCE: USAFETAC REPORT, "AREA AVERAGE CLOUD LAYER DISTRIBUTION DATA FOR
CENTRAL EUROPE, THE MIDDLE EAST, AND KOREA", 8 FEB 82

CONDITIONS: Basic data for a point within the area concerned. Based upon
correlation studies of observations, conditions above 10,000 feet
are assumed independent after a distance of 600 miles and condi- I
tions below 10,000 feet are assumed independent after 175 miles. A
linear decrease in correlation between is assumed.
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